Nitrate Stress Response in Desulfovibrio vulgaris Hildenborough: Whole-Genome Transcriptomics and Proteomics Analyses
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Sulfate reducing bacteria (SRB) are of interest for bioremediation with their ability to ®Diversa Corp., San Diego, CA. £ ol . —zmucyene
reduce and immobilize heavy metals. Nitrate, acommon co-contaminant in DOE sites, is “University of Oklahoma, Norman, OK. é m,% 7a0em ) % ot
suggested to inhibit SRB via nitrite. Previous results indicate that nitrite is indeed SLawrence B?’k?'ey N_a““”f" Laboratory, Berkeley, CA. H /2 oo 3 7 e
inhibitory to the growth of Desulfovibrio vulgaris. However, growth inhibition by nitrate ﬂ::xz::g ﬁf ’\cmaTi?g:Jr:ilvanel:lTell);; “Cﬂg' : w%,/i — v : > :::‘:
alone was also observed. In this study, growth and expression responses to various Howard Hughes Medical Institute. chévy Chase, MD. P A I S
concentrations of nitrate were investigated using the Omnilog phenotype arrays and Time (hours) oc0n g0 16t e

whole-genome DNA microarrays. Changes in the proteome were examined with 3D-LC

followed by MS-MS analysis. Microarray analysis found 5, 50, 115, and 149 genes |> Compared with NaCI/KCI, D. vulgaris is more sensitive to NaNO,. |
significantly up-regulated and 36, 113, 205, and 149 down-regulated at 30, 60, 120, and 240

min, respectively. Many of these genes (~50% at certain time points) were of unknown Proteins w. y Higher Abundance under Nitrate Comgarison of

functions. By comparison to NaCl stress, transcriptional analysis identified changes Effect of Compatible Solutes

specific to NaNO, stress. The hybrid cluster protein was among the highly up-regulated

GenelD  Symbol Descriptions p-value Transcriptional Responses

genes, suggesting its role in nitrate stress resistance with its proposed function in . o
nitrogen metabolism. The up-regulation of phage shock protein genes (pspA and pspC) . e =
might indicate a reduced proton motive force and the repression of multiple ribosomal N N ,ﬁ****j’* F 22| | o
protein genes could further explain the growth cessation resulting from nitrate stress. A o o0 )é( £ WK™ J—
glycine/betaine transporter gene was also up-regulated, suggesting that NaNO3 also gg - o g“w iL i —x—swior
constituted osmotic stress. Osmoprotectant accumulation as the major resistance g” : :: 17 w1 mn,
mechanism was validated by the partial relief of growth inhibition by glycine betaine. o s e oomanosz e
Proteomics analyses further confirmed the altered expression of these genes, and in o ®  w m w
addition, detected increased levels of several enzymes (Sat, DvsB, and AprB) in the sulfate il
reduction pathway, indicative of the increased energy production during nitrate stress. In
conclusion, excess NaNO3 resulted in both osmotic stress and nitrate stress. D. vulgaris 4 S
shifted nitrogen metabolism and energy production in response to nitrate stress. L S g 12 o
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Resistance to osmotic stress was achieved primarily by the transport of osmoprotectant. ° {‘,%
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Oligo Probe Design and Microarray Construction: 70mer oligo probes were designed using a i 02 i A W07 + 200 mhANOr2 M
computer software ArrayOligoSelector (Zhu 2002) combined with other programs such as Oligopicker (Wang and o o
Seed 2003) and OligoArray (Rouillard et al., 2002). The whole genome microarray covers 3574 ORFs, including ! 050 100 150 200 250 300 350 400
3471 (97.1%) unique probes and 103 (2.9%) probes which may cross-hybridize with other sequences. Oligo probes Time (h)
were spotted onto UltraGAPSTM coated glass slides (Corning Life Science, NY) using a Microgrid Il robotic arrayer
(Genomic Solutions Inc., MI). £28 NaCl stress > Glycine betaine (GB) relieved nitrate stress in D.
3D-LC-MS/MS Proteomics Analysis: Fractionation of total proteins by three-dimensional LC followed by . ;ﬂg:;g;tg?gzl:;em with the up-regulation of GB

MS/MS analysis for protein identification. Relative abundance of proteins was estimated by the total numbers of
qualified spectral counts representative of the relative abundance of each protein. Proteins that have significant
changes were identified using the statistical “local-pooled-error” test by selecting changers with p < 0.05.

Conceptual Model
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» Phage shock protein genes
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Down-regulation genes:
) » Multiple genes encoding ribosomal proteins
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aradient e | rhb " " T " « D. vulgaris is more sensitive to NaNO, Stress than to NaCI/KCl stress.
'O Proteins with Significantly Lower Abundance under Nitrate « Very different responses at transcriptional level between NaNO, Stress and NaCl stress.
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I~ 4 \_r'. DVU1303 rplC  ribosomal protein L3 0.004 1.Excess NaNO, resulted in both osmotic stress and nitrate stress.
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